Objective: To evaluate the cardiorespiratory endurance (CRE) and physical activity level of patients with chronic pain compared with healthy subjects.
Many studies have investigated the impact of chronic pain states on patients' functional capacities. [1] [2] [3] Several of these studies focused on indicators of cardiorespiratory endurance (CRE), [2] [3] [4] [5] and all reported a significant reduction in CRE in most patients with chronic pain. To account for the reduced CRE, investigators usually hy-pothesize that the level of physical activity is reduced in relation to job loss, rest prescribed by physicians, or learned activity avoidance behaviors caused by actual enhancement of pain by activity or simply to the fear of inducing activity-related pain. Some investigators have termed this condition a "deconditioning syndrome," 1 whereas others call it a "disuse syndrome." 6 However, the hypothetical relation between the reduction in CRE and reduced physical activity as a consequence of the chronic pain state has, to our knowledge, never been assessed directly in patients with chronic pain.
In previous studies, we observed in two separate cohorts of patients with chronic pain that CRE, as measured by a submaximal cycle ergometer test, was significantly reduced only in men when compared with age-and sexmatched controls. 4, 5 It was hypothesized that sociocultural factors could possibly account for a greater level of inactivity in men with chronic pain than in women. Indeed, retrospectively, it was found that more male patients had a physically demanding occupation, and more male patients lost their use as a consequence of chronic pain. Moreover, at home, women seemed to be more physically active than men as they were more often responsible for household tasks and child care.
The aim of the current study was to test this hypothesis directly by measuring CRE using a submaximal multistage cycle ergometer test and assessing the level of physical activity by two reliable and validated physical activity questionnaires in a cohort of 55 patients with chronic pain.
MATERIALS AND METHODS

Subjects
Fifty-five consecutive patients with chronic pain (20 men, 35 women) were included in this study after initial clinical evaluation, before any assessment of physical capacity was conducted or any therapeutic program initiated. All patients had been referred to the Chronic Pain Unit of the Multidisciplinary Pain Center of the Cliniques Universitaires St-Luc, a university hospital in Brussels, Belgium (a city with more than 1,000,000 inhabitants). Patients were referred by general practitioners or specialists (e.g., orthopedic surgeons, rheumatologists) of the region. All patients participating in the study gave their informed consent, and the rules of the Ethics Committee of the Faculty of Medicine (Université catholique de Louvain) were followed.
According to the International Association for the Study of Pain 7 and classification of chronic pain syndromes, and on the basis of available clinical and laboratory data, the patient group was composed of 20 male and 35 female patients: 30 (10 men/20 women) patients with chronic low back pain with or without sciatica, 13 (5 men/8 women) with fibromyalgia syndromes, and 12 (5 men/7 women) with miscellaneous other chronic musculoskeletal pain conditions such as cervical or dorsal pain, neuropathic pain often secondary to surgery, and headache.
The mean age of the patients was 44 ± 9.3 years, and they had previously undergone an average of 1.0 surgical procedures related to their pain. All patients had suffered for more than 1 year, most for several years, when the study was initiated.
CRE assessment
A variety of testing procedures is used to assess fitness in patients with pain. Some methods include exhaustive evaluation of all major components of fitness (i.e., strength, flexibility, coordination, and CRE). 1 However, most testing protocols used in studies of patients with pain have been validated in healthy subjects only. Such protocols often require maximal effort and sophisticated as well as expensive equipment. Hence, the validity and reliability of many fitness testing procedures (maximum oxygen uptake [V . O 2 max] evaluation, maximal back extensor strength, flexibility, etc.) may certainly be questioned in the context of the evaluation of patients with chronic pain, since most maximal protocols tend to be rather symptom-limited and may thus underestimate the patients' true physical capacities. 8 CRE is generally considered to be the most fundamental component of fitness. 8, 9 Moreover, it can be reliably assessed by submaximal testing protocols not requiring sophisticated and expensive equipment (gas analyzers, isokinetic torque meters, etc.). It would thus seem preferable to focus only on CRE when assessing the fitness of untrained subjects, particularly of patients with chronic pain. 8 Some submaximal protocols allow calculation of several well-known submaximal physical working capacity indexes (PWC 170 , PWC 75% , etc.) that are considered as reliable indicators of CRE. 2, 10, 11 In this study, only the most fundamental component of fitness (i.e., CRE) was evaluated. A submaximal working capacity index that has been shown to be a valid and reliable index of CRE in patients with chronic pain 4 was obtained by means of a simple submaximal cycle ergometer test suitable for routine clinical use.
Cycle ergometer test
The methodology of this test has been described in detail previously. 5 The test is conducted on a Monark cycle ergometer (model 818E, Vansbro, Sweden). After a brief warm-up period of a few minutes during which the subject gets familiar with the imposed pedaling cadence (60 rpm), the subject is asked to perform several 2-minute stages of gradually increasing intensity. Briefly, starting from a work intensity (power) of 25 W, the power is increased in a stepwise manner every 2 minutes by 25 W until the patient's heart rate (HR) reaches a value corresponding to 65% of his or her HR reserve (HR 65% ) or more, according to Karvonen's formula, in which resting HR is assumed to be 80 beats/min for all patients. Indeed, while the resting HR should theoretically be easy to measure, it may vary considerably between and within subjects and especially in patients with chronic pain who are habitually more anxious during the period immediately preceding an exertion test and often use medication affecting resting HR (tricyclic antidepressants, ␤-adrenergic antagonists, etc.). Together, these factors make resting HR measurements unreliable. As a consequence, if the PWC 65% /kg is used as an index to monitor improvement in CRE, the variability of any measured resting HR may lead to an error in the estimation of the improvement made by the patients. To avoid this potential problem, a fixed resting HR value of 80 beats/min was selected to be used for the calculation of the PWC 65% /kg for all subjects in this study. This value was chosen because it was the average resting HR previously obtained from a large number of patients (>50) with chronic pain whose resting HR was measured at the end of a 2-minute period spent sitting quietly (unpublished results). Although 80 beats/min seems to correspond to the average resting HR of such patients, it is obvious that this approximation may lead to a considerable margin of error in the estimation of the resting HR in some subjects. Most patients achieve three or four stages, and some may achieve more depending on their level of fitness.
During the test, the HR of the patient is monitored by a HR meter (Polar, Kempele, Finland). The HR corresponding to the steady state at the end of each stage is recorded as well as the corresponding powers (25, 50, 75, 100 Watts, etc.).
Calculation of the fitness index (PWC 65% /kg)
The power or work capacity at HR 65% , PWC 65% , is obtained by interpolation of the power (watts) for HR 65% on the HR-versus-power linear relation calculated from the data collected during the test. The fitness index (W 65% /kg) is finally obtained by normalizing PWC 65% for body weight (kilograms) of the subject and is expressed in watts per kilogram ( Fig. 1 ). This index may be considered as the power, expressed in watts per kilogram of body weight, that the subject would generate on a cycle ergometer if he or she exercised in a steady state at a relative work intensity corresponding to 65% of his or her HR reserve. The PWC 65% /kg is thus the equivalent of several well-known indexes such as the PWC 170 , PWC 150 , and PWC 160 previously used by investigators to evaluate the CRE of patients with chronic pain, 2,10,12,13 except that the PWC 65% /kg is calculated for the same relative work intensity (corresponding to 65% of the HR reserve of the subject according to age) instead of the same absolute value of HR (150, 160, 170 beats/min, etc.). This methodology is preferable in groups including subjects with a wide range of ages. 4, 11 
Evaluation of physical activity
Numerous studies have been conducted to evaluate the accuracy (validity and reliability) of questionnaires as tools to assess the level of physical activity [14] [15] [16] and have found this technique to be satisfactory. 17, 18 More objective and accurate methods such as respiratory chambers and double-labeled water methods are hardly applicable in routine clinical use or epidemiologic studies because of their cost and complexity and the fact that they may influence the subject's behavior. The use of such methods is therefore generally limited to validation studies of other activity assessment tools such as questionnaires. 14 The choice of the questionnaire depends on several factors, including the population studied, the type of physical activity that should be assessed, the time available for the interview, and, possibly, interviewer skills. We chose two questionnaires that are generally presented as valid and reliable for population-based studies, [14] [15] [16] that could both be administered in less than 30 minutes and that covered all types of physical activity (occupation, leisure, sports, etc.). The Baecke selfadministered 19 questionnaire and the Five-City Project questionnaire 20,21 satisfied these criteria and were thus used in this study after translation into French. For the Baecke questionnaire, the fact that normal data for European healthy subjects are available in the literature was also considered.
All patients were evaluated by the same well-trained observer.
The Baecke self-administered habitual physical activity questionnaire
The Baecke questionnaire includes 19 questions addressing the three main types of common physical activity (i.e., occupation, sports, and nonsports leisure activity). For each question, the subject is asked to score his answer on a five-point Likert scale ranging from "never" to "always" or "very often." In addition, for the two most frequently reported sports, the subject is asked to report the number of months per year and hours per week of participation. Three indexes are calculated on the basis of the scores given by the subject: a Work index, a Sports index, and a Nonsports leisure index. The total Baecke score is obtained simply by summing these three indexes.
In the current study, the Baecke questionnaire was self-administered, but active help of the observer was provided when necessary. We used the following abbreviations: Boccup for Work index, Bsport for the Sports index, Bleisure for the Nonsports leisure index, and Btot for the total Baecke score.
The Five-City Project 7-day recall physical activity questionnaire
With the Five-City Project questionnaire, subjects are asked about their activities of the previous week after classifying them according to intensity (energy expenditure rate). Knowing that one MET is defined as the energy expenditure rate (work intensity) corresponding to sitting quietly and that it approximates the resting metabolic rate (approximately 1 kcal/kg/h), 20, 22 the total amount of time (hours) spent during the previous week (workdays and weekend) in sleeping or resting (energy expenditure rate ‫ס‬ 1 MET), and activity of light (1.5 MET), moderate (4 MET), hard (6 MET), and very hard (10 MET) intensity are recorded. These five amounts, expressed in hours per week, constitute the five Five-City Project physical activity subscores: Rest, Light, Mod, Hard, and Vhard. To allow recording and classification of some activities that were not present on the questionnaire's list of examples, we used the Compendium of Physical Activities from Ainsworth et al. 22 The final total physical activity score (5-CPtot) is obtained by summing the five subscores multiplied by their corresponding intensity level (in METs) and dividing by 7 (7 d/wk). Thus, the 5-CPtot represents the average daily energy expenditure rate of the preceding week, expressed in kcal/d or, when normalized for body weight, expressed in kcal/d/kg. The 5-CPtot score expressed in kilocalories per day, which reflects the total daily energy expenditure of the subject, is directly related to the weight of the subject and thus tends to overestimate the actual physical activity in overweight subjects. 20 Hence, it may not be considered as an acceptable measure of energy expenditure in overweight populations, such as the patients in this study, who present with elevated body mass index values. Thus, to reflect the real physical activity of the subject, 5-CPtot needs to be normalized for body weight.
Statistical analysis
For all measured variables (CRE index, total physical activity scores, and corresponding subscores) mean values and SD were calculated.
To evaluate the effects of gender difference on CRE and physical activity, an ANOVA with gender as the independent factor was conducted on CRE indexes and on all physical activity scores and subscores. If there was a difference in the total physical activity scores according to gender, contrast analysis (Scheffé F test) was conducted on the physical activity subscores to evaluate which type of activity contributed most to the difference.
To compare the mean CRE indexes obtained in this study to those of other studies, Student t tests were used based on the available data (mean, SD, and number of subjects).
The Spearman correlation coefficient was calculated to evaluate the strength of the relation between fitness (PWC 65% /kg) and physical activity (respectively Btot and 5-CPtot) and between both questionnaires scores.
RESULTS
With a mean weight of 84 ± 18.0 kg and 67 ± 13.3 kg and mean height of 1.74 ± 0.05 m and 1.64 ± 0.07 m for men and women, respectively, the patients with chronic pain in this study, especially the men, may be considered as moderately overweight. Indeed, according to Jaequier, 23 the mean body mass index of 27.7 kg/m 2 obtained in male patients is consistent with grade 1 obesity. With a body mass index value of 24.9 kg/m 2 , women are at the upper limit of the desirable range.
CRE of patients with chronic pain
The mean and SD of the fitness index (PWC 65% /kg) obtained in patients, as well as in 34 healthy control subjects, 5 are presented in Table 1 .
Previously reported control values of PWC 65% /kg 5 were significantly higher in men than women (F ‫ס‬ 16.99; p ‫ס‬ 0.0001), which is consistent with the well-known fact that, in the healthy population, such CRE indices are higher in men. 24 In the patients in this study, the physiologic gender difference in PWC 65% /kg was not present (F ‫ס‬ 2.99; p ‫ס‬ 0.09) because of a greater reduction in PWC 65% /kg, which reached 34% in men and only 17% in women, in comparison with values for healthy subjects included in Table 1 .
Physical activity level as assessed by the Baecke Questionnaire
Total physical activity scores and subscore indexes obtained with the Baecke questionnaire in patients with chronic pain are presented in Table 2 . The Baecke total physical activity score (Btot) was significantly higher in female than in male patients (F ‫ס‬ 4.1; p ‫ס‬ 0.049). This was confirmed by a repeated-measures ANOVA on the three subscores with gender as the independent factor.
Contrast analysis with the Scheffé post hoc test ( Table  2 , last column) showed that the occupation subscore (Boccup) probably contributed the most to this difference. Indeed, in the group of male patients, only 20% (4 of 20) were still at their job at the moment of physical activity evaluation as compared with 34% (12 of 35) of the female patients.
Physical activity level as assessed by the Five-City Project Questionnaire
Total physical activity scores (mean ± SD) obtained with the Five-City Project questionnaire (5-CPtot) in male and female patients are presented in Table 3 , where they are expressed in kilocalories per day and kilocalories per day per kilogram. In the last column of this table, mean differences in 5-CPtot scores of men as compared with women and significance levels are also presented.
When the 5-CPtot score was expressed in kilocalories per day, the mean total physical activity level of male patients was significantly higher than that of women (F ‫ס‬ 10.6; p ‫ס‬ 0.002). However, if the 5-CPtot score was expressed in kilocalories per day per kilogram (i.e., normalized for body weight), the absolute total physical activity level of male and female patients was not significantly different (F ‫ס‬ 0.07; p ‫ס‬ 0.797). There were no significant differences between male and female patients in the different categories of physical activity as reflected by all Five-City Project subscores. The patients in this study did not report any very hard, and only very few hard, physical activities.
Correlation between physical activity scores and between fitness index and physical activity scores
There was a weak although significant correlation between the Btot and the 5-CPtot expressed in kilocalories per day per kilogram (Spearman ‫ס‬ 0.32; p ‫ס‬ 0.02).
The correlations between the fitness index and both total physical activity scores were not significant (Spearman ‫ס‬ −0.17, p ‫ס‬ 0.22 and ‫ס‬ 0.23, p ‫ס‬ 0.08 for PWC 65% /kg vs Btot and vs 5-CPtot expressed in kilocalories per day per kilogram, respectively).
DISCUSSION
Many investigators have observed a reduced physical capacity in patients with chronic pain. This condition is thought to be related to a reduced level of physical activity as a direct consequence of chronic pain. In two previous studies 4,5 involving a total of 98 patients with chronic pain, we observed that CRE, often considered as the most important component of fitness 8 and thus of functional capacity, 25 was altered more in male than female patients. We thus retrospectively hypothesized that this phenomenon was probably a result of sociocultural factors, including job loss, which seems more systematic in men. 4 The current study, which included assessment of CRE as well as the level of physical activity in 55 patients, was conducted to test this hypothesis.
CRE in patients with chronic pain and influence of gender
It is a common clinical observation that patients with chronic pain seem generally unfit and physically inactive. Physical reconditioning is thus frequently proposed as part of the multidisciplinary treatment program.
In this study, the physiologic gender difference in CRE ( Table 1 ) that characterizes healthy subjects 22, 24 was absent as demonstrated by the lack of a significant difference between male and female PWC 65% /kg. As compared with the PWC 65% /kg values previously obtained in controls, 5 the male patients in this study presented with a very significant 34% reduction in PWC 65% /kg (Student t ‫ס‬ 4.27; p < 0.01). Although also significant (Student t ‫ס‬ 2.31; p Ӎ 0.02), the 17% reduction in PWC 65% /kg found in women was less pronounced. Moreover, according to Gettman, 26 the fitness of the male patients could be described as "poor" (<1 SD from mean of the control group) and that of the women as "fair" (<0.5 SD from mean of control group). Finally, on the basis of the PWC 65% /kg values (calculated PWC 65% and corresponding HR 65% ), the V . O 2 max of the patients may be estimated roughly using the Astrand nomogram. 9, 10, 24 Using this method, V . O 2 max may be estimated to be 32.9 ml/kg/min in male patients with chronic pain and 35.1 ml/kg/min in women. These values would place the male patients at approximately P20 and the females at approximately P75 according to the American College of Sports Medicine's normal values for V . O 2 max. 24 These observations, along with the findings of other investigators who have also used CRE submaximal testing protocols, 27 are in agreement with those of two previous studies conducted in the same Chronic Pain Unit. 4, 5 Hence, the fact that CRE seems to be affected more in male patients with chronic pain than in female patients may have been overlooked in most studies. In fact, many studies [28] [29] [30] used maximal exercise testing protocols to evaluate CRE, which may not be satisfactory in patients with chronic pain since such testing protocols, as previously discussed, tend to be symptom-limited and may thus not be valid in such patients. Moreover, many studies including CRE evaluations also focused primarily on physical reconditioning. Hence, the results of such studies are generally presented for men and women as one group, 1, 2, 27, 28, 31 which renders recognition of any gender effect on CRE in patients with chronic pain impossible.
Nevertheless, the hypothetical greater impact of chronic pain in male patients in terms of physical deconditioning that we have observed in our Chronic Pain Unit (in 153 patients, 68 men and 85 women, from three separate studies) should be confirmed using other CRE evaluation procedures because no general agreement exists about the most accurate (valid and reliable) CRE evaluation method in patients with chronic pain. 3, 30 Similar CRE evaluations in other countries could also be conducted to define the possible role of sociocultural factors governing the onset of physical deconditioning in such patients.
Physical activity assessment by questionnaire in patients with chronic pain
Much has been written on the issue of the validity and reliability of questionnaires. In particular, it must be stressed that most commonly used questionnaires have not been validated in patients with chronic pain. 32 Hence the question of the validity and reliability of such methods remains unanswered in that context. Although the choice of questionnaires made in this study agrees with the general recommendations applicable to patients with chronic pain, 32 it is obvious that any results obtained from the assessment of the level of physical activity by questionnaire in patients with chronic pain must be interpreted with caution.
In this study, the level of physical activity was assessed by two different questionnaires that are complementary: the Baecke and the Five-City Project questionnaires. The Baecke questionnaire may be considered as semiquantitative. Indeed, while it objectively evaluates the level of physical activity related to participation in sports using the Durnin and Passmore sports classification, 22 physical activity related to occupation and leisure time is more subjectively self-evaluated on a five-point Likert scale leading to physical activity indexes expressed in ordinal units without reference to any physiologic variable. On the other hand, the Five-City Project questionnaire, by recording the subjects' physical activity categories, intensities, and duration, may be considered as a quantitative and more objective method because it directly leads to an energy expenditure rate estimation preferably expressed in kilocalories per day per kilogram. Although the Five City Project thus seems more objective and the Baecke more subjective, the latter is still cited in a recent review 32 as a questionnaire that may be used in patients with chronic pain.
Although weak, the statistically significant positive correlation found between both questionnaire scores (Spearman ‫ס‬ 0.32; p ‫ס‬ 0.02) may be considered as an argument supporting their validity.
For future studies addressing the assessment of the level of physical activity in patients, direct measurement methods such as more recent models of multidirectional accelerometers, or activity recordings with a daily activity diary as used by Follick et al. 33 in patients with chronic pain, should probably be preferred. The use of a questionnaire more specifically oriented toward more sedentary subjects, such as the Modified Baecke Questionnaire, 34 could also be considered.
Physical activity level in patients with chronic pain
When the physical activity of patients is assessed with the Baecke questionnaire, patients of both genders seem to present with a very significant reduction in total physical activity level as compared with data for healthy subjects available from the literature. 16, 19, 35 Depending on the normal values in the studies referred to, the relative reduction in the total Baecke physical activity score ranged from 45 to 41% in male patients and from 35 to 27% in female patients, with respective Z scores ranging from −2.5 to −2.1 in men and from −1.7 to −1.3 in women.
When the 5-CPtot obtained with the Five-City Project questionnaire was expressed in kilocalories per day, the total level of physical activity was not significantly different to that of healthy subjects. 20 However, as discussed above, patients with chronic pain present with a relative excess of body weight, and the 5-CPtot should thus be expressed in kilocalories per day per kilogram to reliably reflect physical activity in overweight subjects. However, 5-CPtot values normalized for body weight are seldom available from the literature. Hence, on the basis of data obtained by Sallis et al. 20 in 993 male and 1,111 healthy female subjects, we recalculated the mean 5-CPtot in kilocalories per day per kilogram in 911 men and 1,000 women, after exclusion of their 65-to 74-yearsof-age category to age match their subjects with the patients of this study. We obtained mean 5-CPtots of 41 and 36 kcal/d/kg, respectively, in healthy men and women. SDs for these values are unfortunately unavailable from recalculations but may be estimated to be close to 6.5 kcal/d/kg. As compared with the data obtained in the male and female patients of this study (Table 3) , these control values are, respectively, 16% and 5% higher; male patients are very significantly less active (Student t ‫ס‬ 4.52; p < 0.001), whereas the reduction in the total level of physical activity in female patients is not significant (Student t ‫ס‬ 1.72; p ≈ 0.09).
When analyzing the time spent by patients with chronic pain in this study according to the different intensity categories of physical activity and comparing with age-matched controls, 20 patients spent more time in bed or resting and significantly less time doing light activities. In fact, patients spent approximately the same amount of time resting that they lost in light activities. They also spent approximately the same amount of time doing moderate intensity activities, which, in general, consist of mandatory household tasks such as shopping, sweeping, and mopping the floor. Finally, they demonstrated a major reduction in "hard" and "very hard" categories of physical activity, which generally consist of sports or heavy occupational work.
The total Baecke score was significantly lower in male than female patients, which is usually not the case in healthy subjects. 16, 19, 35 Moreover, analysis of the Baecke physical activity subscores ( Table 2) revealed that the subscore reflecting occupation was the most affected, especially among males; most male patients had lost their job or had a sedentary occupation. These data obtained with the Baecke questionnaire thus corroborate the data obtained with the Five-City Project questionnaire.
Hence, our data show that the male patients included in this study are clearly less physically active than healthy subjects of the same age. Males with chronic pain behavior seem similar to the healthy elderly who are mostly retired and for whom less intense activities such as light household chores and gardening take a predominant place in daily life. 15, 34 These observations are in agreement with our hypothesis of a more pronounced effect of chronic pain on the level of physical activity and especially on occupational status in male than female patients. Although job loss is more common in men, the fact that women are kept more active at home by household tasks and child care probably contributes to keeping them at an activity level that may be considered as almost equivalent to that of healthy females in most cases.
Nevertheless, several factors, including patient inclusion criteria and social pressure related to gender, should be taken into account before drawing conclusions that could be extended to patients with chronic pain in general. For instance, men may be referred to the chronic pain unit for help later in the course of their condition (i.e., at a time when their pain already has a greater level of impact on their activity level). They may also be more inclined to emphasize how much they have lost in terms of physical activity and capacity because of social pressures.
Finally, many investigators have studied the relation between fitness and activity level in healthy subjects 8, 36, 37 and have found a weak positive significant correlation between CRE indexes and the level of lei-sure-time physical activity as measured by questionnaire. Other investigators have found no correlation between such variables 38 or between V . O 2 max and total weightbearing physical activity. 39 Bouchard et al. 40, 41 have shown that among both main determinants of CRE, training (i.e., physical activity level) and heredity, the latter is the major determinant in sedentary people. Hence, it is not surprising to find a lack of correlation between activity level and fitness in patients who present with a reduced level of physical activity, as discussed above.
CONCLUSIONS
The results of the current study on 55 patients with chronic pain are in agreement with data previously published on the subject: CRE seems to be reduced more by chronic pain in male than female patients. Data on the level of physical activity in patients obtained with two different physical activity questionnaires by the same interviewer showed that the male patients in this study were more sedentary than the female patients. However, several factors, including the selection criteria used in this study and social pressures that may vary with gender, should be taken into account before drawing any conclusions that can be extended to patients with chronic pain in general.
